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Fatal automobile crashes have claimed the lives of over 33,000 people each year
in the United States since 1995. As in any point event, fatal crash events do not occur
randomly in time or space. The objectives of this study were to identify spatial patterns
and hot spots in FARS (Fatal Analysis Reporting System) fatal crash events based on
temporal and demographic characteristics. The methods employed included 1) rate
calculation using FARS points and average daily traffic flow; 2) planar kernel density
estimation of FARS crash events based on temporal and demographic attributes within
the data; and 3) two case studies using network kernel density estimation along roadways
to determine hot spots fatal crashes in Jefferson County and Warren County.
Rate calculation analyses revealed that travel on roads with high speed limits and
winding topography led to the highest number of crashes and highest rate of fatal crashes
per 1,000 daily vehicles. Planar kernel density estimation results showed temporal
patterns, revealing that ‘hot spots’ and fatalities were highest in the summer, and
typically occurred from 2pm-6pm on the weekends. Further, the 16 to 25 year age group
was responsible for the most significant ‘hot spots’ and the most fatal accidents. Also
showing that the most significant hot spots involving alcohol occurring in close proximity
to meeting places such as bars and restaurants. Finally, results from the network kernel
density estimation revealed that most hot spots were in high traffic areas of where major
roads converged with secondary roads.
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CHAPTER 1 INTRODUCTION
Fatalities resulting from automobile crashes1 have continued to be a major
problem in societies across the world since the invention of the first automobile. Since
the invention of the automobile in the early 20th century, over 3 million Americans have
been killed in traffic crashes (Evans, 2004). It was estimated that in 2008 more than 1.2
million people were killed in automobile crashes worldwide (World Health Organization,
2011). In the U.S., during the 9-year period from 2001 to 2009, there were a total of
333,578 fatal crashes resulting in 369,629 fatalities, roughly an average of 40,170
fatalities each year, according to an executive summary done by the National Highway
Safety Traffic Administration (NHTSA) in 2009. In the year of 2009 alone, there were
30,797 fatal crashes and 33,808 fatalities in the United States. These figures amount to a
fatal crash occurring every 17.1 minutes and a fatality from an automobile crash every
15.5 minutes (Evans, 2004). Though the number of fatalities is significant, the overall
the number of fatal crashes in 2009 is lower than that in the highest year of 2005 where
1

There are a few used in traffic safety study that should be defined formally first because of the

often misuse of them. The definitions of these terms are available in the book by Leonard Evans (2004),
entitled “Traffic Safety”, in which a crash is formally defined as an event involving any vehicle with an
engine striking anything along public roads. The word accident, widely used by the general public, is a
more ambiguous term and often misused for a crash because it implies that a crash was a twist of fate or
that it was simply an unexpected event. Usually crashes can be classified into two major categories: fatal
and non-fatal crashes. Fatal crashes, the study subject in this thesis, are defined as crashes directly
resulting in death within 30 days of the event, while non-fatal crashes are defined as a crash that does not
result in a fatality or loss of life. Lastly, when discussing traffic crashes it is imperative to use the term
‘factor’ instead of ‘cause’ because there is usually no single reason why a crash occurred.

1

39,252 fatal crashes occurred resulting in 43,510 fatalities (Figure 1.1). It is interesting to
note that the highest number of fatal automobile crashes and fatalities occurred in 2005
for both the entire U.S. and Kentucky, with a total of 885 fatal crashes and 985 fatalities
in Kentucky (Figures 1.1 and 1.4). Along with the drop in total fatal crashes and fatalities
since 2005 as shown in Figure 1.1, there have been significant drops in the fatality rate
per Vehicle Miles Traveled (VMT) in the U.S. (Figure 1.2), even though the overall
VMT has risen every year except for the past two years (Figure 1.3). The drop in VMT
can be likely attributed to the steady rise in gas prices throughout the United States. The
drop in total fatalities and also the fatalities per VMT can be attributed to the drop in
overall VMT but the other reason could also be related to the studies and research and ad
campaigns involved in making the roadways safer.
Though the number of fatalities appears to be decreasing, fatal automobile
crashes are one of the world’s largest public health problems and can have significant
financial impact. For example, in 2000, the monetary value of the damages from all
automobile crashes in the U.S. amounted to approximately $231 billion (Blincoe et al.
2002). Therefore it is increasingly important to understand the underlying causes for fatal
crashes and to create a safe driving environment to reduce their numbers.
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Figure 1.1 Fatal Crashes and Fatalities in the U.S. by Year. Data Source Fatality Analysis
Reporting System (FARS) Encyclopedia (2001-2009).
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Figure 1.2 Fatality Rate per 100 Million VMT in the U.S. by Year. Data Source: Fatality
Analysis Reporting System (FARS) Encyclopedia (2001-2009).
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Figure 1.3 VMT in the U.S. by Year. Data Source: Fatality Analysis Reporting System
(FARS) Encyclopedia (2001-2009).
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Figure 1.4 Fatal Crashes and Fatalities in Kentucky by Year. Data Source: Fatality
Analysis Reporting System (FARS) Encyclopedia (2001-2009).

The existing studies on fatal crashes can be roughly classified into two major
groups of research: 1) those that examine geographic patterns and spatial factors of fatal
crashes; and 2) those that focus on the statistical significance of demographic differences
and non-spatial contributing factors of fatal crashes. In the existing literature, there are
considerably more studies that investigate the effects of non-spatial factors on fatal
crashes, and tend to focus on statistical differences in the number of fatal crashes such as;
by age groups, gender, whether driving under the influence (DUI), whether passengers
were present in the vehicle, road conditions and many other variables. The age of drivers
involved in fatal crashes has been studied extensively. Both academic and commercial
(e.g. by insurance companies) studies have concluded that both the youngest and oldest
6

drivers have the highest rate of involvement and the highest rate of responsibility in fatal
automobile crashes (Massie and Campbell, 1993; Williams and Shabanova, 2003; Evans,
2004; Tefft, 2008). Many of these studies also considered gender differences. For
instance, Evans (2004) concluded that young males, particularly ages 16-19, have the
highest risk of being involved or responsible for a fatal crash. Other studies have
examined the contribution of alcohol. Though a significant number of alcohol related
deaths still occur , the numbers have dropped through the years from 11,780 fatal crashes
in 2001 to 9,813 fatal crashes related to alcohol impaired drivers in 2009 (NHTSA,
2010). This drop may be attributed to the harsher penalties by law enforcement and/or
efforts by groups such as Mothers Against Drunk Driving (MADD). The results of these
studies have indicated that alcohol consumption increases crash rates and that drunk
drivers are almost 50 times as costly to have on the roads as sober drivers (Miller et al.,
1999; Smink et al., 2005). More recently the effects of distracted driving, such as driving
while using electronic devices, has been studied and it was determined that drivers
talking on a mobile phone are 30% more likely to get into a crash (Laberge-Nadeau et al.,
2003; Wilson et al., 2003; Redelmeier and Tibshirani, 1997; Tseng et al., 2005; Wilson
and Stimpson, 2010).
Fatal crashes, like most point events in geographic space, seldom occur randomly
in space-time, but instead form clusters or “hot spots”, thus following Tobler’s First Law
of Geography – “Everything is related to everything else, but near things are more
related than distant things” (Tobler, 1970). By understanding how point events of fatal
automobile crashes are related spatially and whether any spatial patterns exist, decision
makers and law enforcement agencies can be better informed and efforts can be

7

introduced to reduce the occurrence of fatal automobile crashes (Xie and Yan, 2008).
This thesis research represents an effort to integrate the spatial and non-spatial factors
associated with fatal crashes and to determine any differences in the spatial distribution
of fatal crashes in Kentucky using non-spatial factors such as time of day, day of a week,
season, driver age, driver gender, etc. The project was conducted within a Geographical
Information Systems (GIS) context, within a commercial GIS such as ArcGIS™, many
spatial analysis tools that are very useful for detecting spatial patterns of point events are
available. Specifically, tools have been developed to locate clusters or black spots (“hot
spots” if referring to the Criminology field) of point events in geographic space. One
useful technique is the use of the Kernel Density Estimation (KDE) tool, which has a
wide array of uses. Related to the focus of this study, many types of spatial point events
can be examined using KDE to locate clustering or hot spots of point events. There have
been few cases, in which differences in spatial distribution and geographic locations of
fatal crash events, as categorized by non-spatial factors have been examined. The
increased use of GIS as a tool for the spatial analysis of fatal crash events using Fatality
Analysis Reporting System (FARS) data could help decision makers understand the
specific characteristics of black spots along road ways. In general, there were three
primary objectives of this study:
1. Objective I is to identify if there are any spatial patterns of fatal automobile
crashes in Kentucky. It is hypothesized that there are significant spatial
patterns of fatal crashes in the state of Kentucky will be detected. As well as
that fatal crashes will tend to cluster in areas with high traffic flow and high
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population density such as in Louisville, Lexington and also along major
interstate highways.
2. Objective II is to identify if there are any differences in the spatial
distribution of fatal crashes by examining their occurrence at different times,
including time of day, days of a week and seasons. It is hypothesized that
seasonal patterns as well as patterns related to time of day and day of the week
will be detected. The goal is to determine whether any areas will be more
likely to have black spots in at similar time periods.
3. Objective III is to investigate differences in spatial distribution of fatal
crashes caused by drivers having different demographic characteristics, such
as driver’s age and alcohol involvement. It is hypothesized that younger
drivers are more likely to be involved in fatal crashes and that fatal crashes
involving younger drivers will be close to areas universities and high schools,
which have a high concentration of young individuals. Hotspots of fatal
crashes with alcohol involvement are expected in urban areas and in areas
with accessibility to alcohol such as restaurants and bars.
While the main methods adopted in this study are widely used in the GIS
community, there have been relatively few studies that have bridged spatial and nonspatial factors related to fatal crashes on a statewide level using a complete and thorough
analysis of FARS data. In short, this research provides a base study for the future
identification of black spots of fatal crashes on a statewide level with the consideration of
time of day, day of the day of week, seasons, alcohol involvement and driver age. In the
following study, Chapter 2 reviews the literatures related to this thesis research, including
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specific studies of traffic safety using FARS data as well as previous studies that have
adopted GIS and spatial analysis techniques such as KDE and network KDE, to explore
spatial patterns of traffic accidents in general and fatal crashes in particular. Chapter 3
provides a background of the study area of the Commonwealth of Kentucky. Chapter 4
describes in depth how the data was collected in this study and provides detailed
discussions of the primary methods adopted in this research. Chapter 5 describes the
findings of this and a discussion on possible reasoning of the results. Chapter 6 presents
the conclusions of this study as well as potential areas for future research.

10

CHAPTER 2 BACKGROUND
The first internal combustion engine in an automobile was introduced by German
Karl Benz in 1886 (Evans, 2004). The development of vehicle technology proceeded
rapidly in the U.S. and Europe alike. In 1913, the revolutionary development of the
moving assembly line by Henry Ford was used to produce the first Ford Model-T’s,
marking the first mass production of automobiles. The subsequent drop in production
cost and overall vehicle cost, led to widespread automobile affordability and thus a rapid
boom in public automobile ownership nationwide (Evans, 2004). The large boom in
automobile ownership, however, has led to an increased number of crashes as well as
fatalities resulting from automobile crashes.
Contributing to the number of automobile crashes are two other factors. First, a
rapid, steady rise in the total population in the United States occurred. Second, mobility
was increased after President Dwight Eisenhower signed the Federal Aid Highway Act of
1956, which commissioned the creation of the interstate highway system, considered
today as the economic engine that drives this country’s prosperity (Snyder, 2006).
The steady rise of population, vehicle ownership and increased mobility
throughout the country created a peak of fatal automobile crashes in 1972 when there
were 54,589 fatalities resulting from automobile crashes. This general pattern applies to
other countries that began to motorize later than the U.S., and seems likely to occur in
developing countries today (Evans, 2004). Since 1972, there have been significant
efforts and campaigns to reduce traffic fatalities by agencies and groups such as the
National Highway Transportation Safety Administration (NHTSA) and Mothers Against
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Drunk Driving (MADD) have, based the numbers, worked with a large drop to 34,808
fatalities in 2009.
Loss of lives is not the only consequence of fatal automobile crashes. In 2000, it
was estimated that the monetary losses from automobile crashes were $231 billion
(Blincoe et al., 2002), amounting to $828 per person and 2% of the total GDP in the U.S.
(Evans, 2004). The Centers for Disease Control (CDC) estimated that fatal automobile
crashes resulted in $41 billion in medical costs and monetary loss due to loss of work
income in 2005.
Crash prevention efforts such as traffic research, traffic laws, and new vehicle
technology such as air bags have reduced the number of fatal crashes that occur each year
(Evans, 2004). With continued research on fatal automobile crashes it will be possible
for the U.S. to reduce the amount of lives that are lost as well as lessen the economic
impact that occur each year from fatal automobile crashes. This chapter will briefly
review the existing studies that are related to this thesis research, including studies on
traffic safety that have used the FARS dataset, followed by a discussion of GIS and
spatial analysis techniques, mainly the uses of Kernel Density Estimation and network
Kernel Density Estimation.
2.1. Traffic Safety Studies
The use of FARS data in traffic safety research is not a new practice. There have
been many research projects and studies done using FARS data since the creation of the
FARS encyclopedia in 1975. Many existing studies using FARS data focus on the
statistical differences between non-spatial characteristics of crashes as well as the persons
involved, such as age and gender. For instance, studies were conducted to determine if
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any particular age groups were more susceptible to being involved in a fatal automobile
crash. The youngest and the oldest drivers are more likely to be involved in and
responsible for fatal crashes (Massie and Campbell, 1993; Williams and Shabanova,
2003; Tefft, 2008) and the number of older drivers in the United States is projected to
increase, which could possibly increase societal harm from traffic crashes (Lyman et al.,
2002). In Massie and Campbell’s study (1993), it was found that drivers between 16 and
19 were 3 times more likely to be involved in a fatality and that drivers 75 and over
showed a 3.8 times higher risk per mile compared with all other age groups. Many of
these studies indicate that death rates and responsibility in relation to age form a typical
U-shaped curve with the younger and older drivers being highest at both ends (Tefft,
2008). The findings of Williams and Shabanova (2003) were similar and also found that
youngest drivers were the most risk overall, almost twice as high as the older drivers.
Indeed, according to the CDC, motor vehicle crashes are the leading cause of death for
ages 5-34 in the United States (CDC, 2010). Fatal crash rate per million miles traveled is
seven times higher for 16 year old drivers than the rate for aged 30-59 drivers (Chen et
al., 2000).
Factors other than age have been investigated in contributing to fatal automobile
crashes. For example gender of the driver as well as the passenger seems to have
significant effects. Research has shown that crashes are more likely to be fatal to drivers
aged 16-17 years old in the presence of male passengers who are teenagers or who are
aged 20-29 (Chen et al., 2000). Male drivers are at highest risk throughout the teen years
although the risk for both genders peaks in their teens and early twenties (Evans, 2004). It
has been found that an 80 year old woman is 7 times more likely to be killed in a fatal
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automobile crash than a 45 year old woman in trips of the same distance (Evans, 2004),
even though an argument can be made that the number of women over the age of 70 is
over represented in the FARS data (Baker et al., 2003).
In addition to age and gender, FARS data has been used to examine the effects of
alcohol on driving. In the United States, a daily average of 32 people, resulting in one
death every 45 minutes, are killed in motor vehicle crashes involving an alcohol impaired
(CDC, 2010). According to the FARS database, in 2009, there were a total of 9,813 fatal
crashes in the United States that were alcohol related, accounting for approximately 32%
of all traffic related fatalities in the United States in 2009.
The problems related to driving while under the influence of alcohol are not new.
As far back as 1872 since the beginnings of motorized traffic, there was recognition that
drunk driving posed a major danger to public safety (Evans, 2004). In fact, the role of
alcohol in traffic safety has been widely discussed and remains an active and
controversial topic (Evans, 2004). It is interesting to note that most of these studies
focused on small geographic areas, e.g. neighborhoods, rather than entire states
(Gruenwald and Johnson, 2010).
The dangers of operating a motor vehicle while impaired by alcohol are extreme.
Alcohol can cloud a driver’s judgment as well as resulting in a 73% increase in the
probability that physical impact will be fatal (Evans, 2004). In addition, driving
performance deteriorates when influenced by alcohol, and changes in behavior occur
leading to an increase in crash rates. It was estimated that individuals driving over the
limit Blood Alcohol Concentration (BAC) are almost 50 times as costly to have on the
road as sober drivers (Miller et al., 1999; Smink et al., 2005).
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Distracted driving is a growing public safety hazard. Fatal crashes resulting from
driver distraction have increased in recent years due to the widespread use of electronic
devices such as cell phones and portable electronic devices (Wilson and Stimpson, 2010).
In 2008, approximately 1 in 6 fatal vehicle collisions resulted from a driver being
distracted while behind the wheel (NHTSA, 2010). According to the NHTSA, driver
distraction is a form of inattention that can be classified into two types (external stimuli
and internal distraction) and four categories: visual (e.g. reading a map), cognitive (e.g.
lost in thought), auditory (e.g. responding to a ringing cell phone) and biomechanical
distraction (e.g. manually adjusting the radio) (Ranney et al., 2000). Mobile phone
usage, whether talking on phone or texting, is a typical type of distraction in fatal crashes.
Many studies have concluded that drivers talking on mobile phones while driving have a
30% higher risk of getting into a crash compared to non-mobile phone users (LabergeNadeau et al., 2003; Wilson et al., 2003; Redelmeier and Tibshirani, 1997; Tseng et al.,
2005; Wilson and Stimpson, 2010).
Most traffic safety studies using FARS data have focused on non-spatial factors,
but have not related these data to the locations of the fatal crashes. Further, though many
studies have been conducted to identify clusters using GIS applications, there are limited
cases in which both geographic location and non-spatial contributing factors are
integrated for detecting potential hot spots of fatal crashes. Therefore, the primary
objective of this project is to examine both spatial and temporal patterns for fatal
automobile crashes using Geographic Information Systems (GIS) in an effort to obtain a
more complete understanding of the causes of these crashes and possibly to develop
preventative measures in the state of Kentucky.
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2.2. GIS-T, Spatial Statistics and Their Applications in Traffic Safety Studies
A GIS can be broadly defined as a computerized system for the capture, storage,
manipulation, display and analysis of geospatial information. Before understanding how
GIS) is used in the field of transportation safety, one must first define this approach and
understand some of the history underlying its use. The information in this section
provides a brief history of how GIS has evolved and matured from a simple tool to a
technology and then finally to a legitimate domain of scientific inquiry called GIScience
(Thill, 2000). In addition, the applications of GIS are explained such as its use in
transportation studies in general and in the analysis of traffic accidents in particular.
GIS for Transportation (GIS-T) is a term to generally describe the applications of
GIS in transportation studies, a field of study that began in the 1960s (Goodchild, 2000).
The field of GIS-T has become increasingly popular that there are conferences devoted
strictly to GIS-T and most general GIS conferences devoting special sessions on GIS-T
and closely related topics (Waters, 1999). GIS-T is used in our society in many ways,
from Google Maps® and handheld GPS navigation systems, to high-tech and extremely
complicated smart-traffic systems. The current flurry of research activity involving GIST is a clear sign of the interest among transportation researchers and professionals for this
emerging technology (Thill, 2000).
The use of GIS for transportation research grew in popularity in the late 1980s
and early 1990s when significant changes occurred in federal and state legislation (Thill,
2000). These changes led to a shift in thinking and increasing use of GIS in the
transportation world. These changes, in turn, led the once analogous and uniform
transportation field to transform into a multi-faceted discipline that incorporates
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neighboring sciences and associated domains (Thill, 2000). In a paper written by Dr.
Jean-Claude Thill regarding GIS and transportation (2000), it is argued that the
incorporation of GIS into the transportation domain brings the field itself full circle as it
led to rediscovering two of the basic geographic ideas of space and place with the use of
GIS. The use of GIS-T is extremely important and useful because of the ability of GIS to
graphically represent a large amount of data in a single system (Graettinger et al, 2005).
Within the field of GIS-T, there are numerous research areas that involve the
analysis of traffic crashes in geographic space. Since the 1970s many statistical models
were applied to understand the occurrence of road accidents. However these models had
a tendency to neglect spatial patterns of road accidents (Anderson, 2007). Most
researchers who do use GIS-T to focus on spatial patterns identify what are known as
‘black spots’. ‘Black spots’ is equivalent to a better known term, ‘hot spots’, a term often
used in crime analysis, except automobile crashes are inherently constrained by the road
network as to where crime ‘hot spots’ have the ability to occur anywhere (Anderson,
2007). GIS-T has been used to analyze crashes as spatial point pattern events and thus
how they differ in geographic locations and change through time.
Many researchers try to establish a link between the spatial map and temporal
changes when analyzing road crashes. Road crash ‘hot spot’ analysis requires a
comprehensive understanding of vehicle accident involvement process, severity of
resultant injuries, and surrounding road environment (Anderson, 2009). Very seldom are
traffic crash occurrences random in time or space. Most cases traffic crashes form
clusters in geographic space (Xie and Yan, 2008). Understanding of traffic collision
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patterns or trends is necessary when implementing efforts to improve traffic safety (Xie
and Yan, 2008).
Methods in Spatial Point Pattern Analysis (SPPA) are among the most widely
used methods in spatial data analysis (Yamada and Rogerson, 2003; Borruso, 2008).
SPPA methods are widely applied to but not limited to the fields of geography,
economics, demography, criminology, ecology, epidemiology and biology. One of the
most commonly used SPPA techniques is Kernel Density Estimation (KDE), which is
primarily concerned with the first order spatial property of the environment where spatial
point events occurred. The use of KDE is continuing and expanding because it is a better
technique of identifying hot spots than the cluster analysis techniques previously used
(Levine, 2007). KDE was originally developed and used to evaluate histograms and their
density (Levine, 2005; Silverman, 1986) but since has been adapted to identify spatial
distributions within geographic space (Spencer and Angeles, 2007). It is very useful to
identify clusters of point events because of its visually pleasing results and ease of
interpretation (Brimicombe, 2005). It is a data smoothing technique commonly used by
geographers to identify clusters of point even locations (Mesev et al., 2009). KDE
estimates the density within a range of each observation to represent the density value at
the center of a moving window, termed as kernel, at each point. Within each kernel, the
KDE weighs nearby objects more than far ones based on a certain kernel function (Wang
et al., 2011). Therefore, KDE results in a phenomenon not being represented by a series
of discrete points, but as a continuous surface (Spencer and Angeles, 2007).
There are two distinct types of KDE being used in research today. The first type
of KDE is planar KDE, which uses a whole study area or boundary within which to
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complete the interpolation. The second method of KDE is called Network KDE, which
has only emerged within the past few years with papers and methods such as Okabe et al.
(2006, 2009), Borruso (2005, 2008), and Xie and Yan (2008). Network KDE is mainly
used to estimate density along a certain network space. The use of Network KDE was
introduced out of necessity to accurately predict clusters, (i.e. ‘black spots’), along a
network.
Though planar KDE is commonly used and easy to implement, this approach
often over predicts the existence of ‘hot spots’ when applied to analyze point events
along a network, such as crashes along the network of streets (Xie and Yan, 2008). In
addition, using planar KDE directly in network spaces is not sufficient and can yield
irregularities regardless of bandwidth selection (Downs and Horner, 2007). Clusters can
follow different distribution schemes in network-led spaces (Borruso, 2008) because
planar KDE uses Euclidean space (straight line distance) to examine clusters while
network KDE takes into account the paths of the network in the calculations of spatial
distances as well as the final representations of density. Therefore the use of Network
KDE is used on a smaller scale to help better represent the fatal automobile crash events
on the constraints of a road network.
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CHAPTER 3 STUDY AREA
3.1. Study Area – The Commonwealth of Kentucky
The Commonwealth of Kentucky is located in what the U.S. Census Bureau
recognizes as the East South Central region of the United States (Figure 3.1). The total
area of Kentucky is approximately 40,409 square miles. Kentucky, according to the
newly-released 2010 Census, is home to 4,339,367 people, and ranks as the 26th most
populous state in the U.S. The Commonwealth of Kentucky recognizes 120 counties,
with Jefferson County having both the largest population (Table 3.1) and also the highest
number of licensed drivers (Table 3.2). With regard to population and licensed drivers,
Jefferson County is followed in order by Fayette, Kenton, Boone, and Warren County
(Figures 3.2 and 3.3, Tables 3.1 and 3.2). Within the 120 counties, there exist 421
recognized incorporations with Louisville being the highest populated, followed by
Lexington, and the state capital of Frankfort ranking 14th (Figure 3.4 and Table 3.3).
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Figure 3.1 Study Area Reference Map. Kentucky shown in the South Central Region of
the United States and State boundary is in tan with the Interstates Highways and U.S.
Highways shown in red and blue respectively. Data Source: Kentucky Transportation
Cabinet (2010).
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Figure 3.2 Population by County. Data Source: U.S. Census Bureau (2010).
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Figure 3.3 Numbers of Licensed Drivers by County. Data Source: Kentucky
Transportation Cabinet (2010).
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Figure 3.4 The 20 most populated Incorporations in Kentucky. Note: Frankfort, the state
capital, is represented with a star. Data Source: U.S. Census Bureau (2010).
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Top 25 Most Populous Counties in Kentucky
2010 Census
Rank
County Name
Population
1

Jefferson County

741,096

2

Fayette County

295,803

3

Kenton County

159,720

4

Boone County

118,811

5

Warren County

113,792

6

Hardin County

105,543

7

Daviess County

96,656

8

Campbell County

90,336

9

Madison County

82,916

10

Bullitt County

74,319

11

Christian County

73,955

12

McCracken County

65,565

13

Pike County

65,024

14

Pulaski County

63,063

15

Oldham County

60,316

16

Laurel County

58,849

17

Boyd County

49,542

18

Franklin County

49,285

19

Jessamine County

48,586

20

Scott County

47,173

21

Hopkins County

46,920

22

Henderson County

46,250

23

Nelson County

43,437

24

Barren County

42,173

25

Shelby County

42,074

Table 3.1 Top 25 Populations by County. Data Source: U.S. Census Bureau (2010).
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Top 25 Counties in Licensed Drivers in Kentucky
Rank

County Name

2008 Licensed Drivers

1

Jefferson County

493,524

2

Fayette County

182,692

3

Kenton County

108,128

4

Boone County

81,710

5

Warren County

68,675

6

Hardin County

67,781

7

Daviess County

67,720

8

Campbell County

61,377

9

Bullitt County

53,025

10

Madison County

52,691

11

McCracken County

49,427

12

Pulaski County

44,221

13

Pike County

44,097

14

Laurel County

40,011

15

Oldham County

39,750

16

Christian County

38,665

17

Franklin County

34,796

18

Boyd County

34,771

19

Hopkins County

33,795

20

Henderson County

32,835

21

Jessamine County

31,999

22

Nelson County

30,939

23

Scott County

30,854

24

Barren County

28,967

25

Floyd County

27,426

Table 3.2 Top 25 Numbers of Drivers by County. Data Source: Kentucky Transportation
Cabinet (2010).
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Top 25 Most Populated Counties in Kentucky
2010 Census
Rank
Urban Area
Population
1

Louisville

597,337

2

Lexington

295,803

3

Bowling Green

58,067

4

Owensboro

57,265

5

Covington

40,640

6

Hopkinsville

31,577

7

Richmond

31,364

8

Florence

29,951

9

Georgetown

29,098

10

Henderson

28,757

11

Elizabethtown

28,531

12

Nicholasville

28,015

13

Jeffersontown

26,595

14

Frankfort**

25,527

15

Paducah

25,024

16

Independence

24,757

17

Radcliff

21,688

18

Ashland

21,684

19

Madisonville

19,591

20

Winchester

18,368

21

Erlanger

18,082

22

Murray

17,741

23

St. Matthews

17,472

24

Fort Thomas

16,325

25

Danville

16,218

Table 3.3 Top 25 Most Populated Incorporations. **Frankfort is the State Capital of
Kentucky ranked 14th highest in population. Data Source: U.S. Census Bureau (2010).
The Commonwealth of Kentucky is home to five interstate highways and four
bypasses. The interstate highways include I-24, I-64, I-65, I-71, and I-75 and the
bypasses include I-264, I-265, I-275, and I-471 (Figure 3.4). I-24 begins at the Illinois
border near Paducah and continues 94 miles to the Tennessee border south of
Hopkinsville. I-64 begins in Kentucky at the Indiana border in Louisville and stretches
191 miles east to West Virginia border south of Ashland. I-65 begins at the Indiana
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border in Louisville and travels south 137 miles to the Tennessee border south of
Bowling Green. I-71 begins in Louisville and stretches northeast 96 miles into Ohio and
converges with I-75 south of Covington. I-75 starts on the border with Ohio at
Covington and runs south 192 miles to the border with Tennessee. I-264 provides as a
bypass around Louisville that starts at I-64 and loops to the south for 23 miles to I-71 and
is known as the “inner-loop”. I-265 begins south of Louisville at I-65 lopping around to
the south and east for 25 miles to I-71 and is known as the “outer-loop”. I-275 forms a
complete beltway of 84 miles around Cincinnati, Ohio which officially begins and ends
in Erlanger. I-471 begins at I-275 and passes through Newport before meeting up with I71 in Cincinnati, Ohio. The roadway segments that have the highest areas of average
daily traffic flow are all located along the Interstate Highway systems in Kentucky
(Figure 3.5 and Table 3.4). The highest average daily traffic count is located along a
segment of I-75 which is in Kenton County south of Cincinnati, Ohio in Covington,
Kentucky. Following this is a segment of I-264 located south of Louisville in Jefferson
County (Table 3.4). In 2009, there were 730 fatal crashes in Kentucky. The highest
number of fatal crashes based on county was Jefferson County. This is followed by
Warren and Fayette Counties which both recorded 22 fatal crashes in 2009 (Figure 3.6
and Table 3.5).
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Figure 3.5 Kentucky’s Interstate Highways. Data Source: U.S. Census Bureau (2010).
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Figure 3.6 Average Daily Traffic Flow. Data Source: Kentucky Transportation Cabinet
(2010).
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Figure 3.7 Fatal Crash Count by County (2009). Data Source: Fatality Analysis Reporting
System (FARS) Encyclopedia (2009).
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Top 25 Routes in Average Daily Traffic Flow
Rank

Route Description

County Name

Average Daily Traffic Flow

1

I-75

Kenton County

184,222

2

I-264

Jefferson County

173,619

T-3

I-75

Kenton County

171,468

T-3

I-75

Boone County

171,468

5

I-75

Boone County

169,729

6

I-75

Kenton County

167,386

7

I-264

Jefferson County

159,724

8

I-75

Kenton County

158,035

9

I-65

Jefferson County

153,356

10

I-264

Jefferson County

152,577

11

I-264

Jefferson County

151,703

12

I-65

Jefferson County

149,690

13

I-64

Jefferson County

143,621

14

I-75

Kenton County

142,976

15

I-75

Kenton County

142,644

16

I-264

Jefferson County

142,378

17

I-75

Kenton County

142,110

18

I-75

Kenton County

141,832

19

I-75

Boone County

138,195

20

I-75

Kenton County

136,751

21

I-64

Jefferson County

132,391

22

I-65

Jefferson County

130,292

23

I-65

Jefferson County

130,055

24

I-264

Jefferson County

125,803

25

I-264

Jefferson County

123,644

Table 3.4 Average Daily Traffic Count by Highway and County. Data Source: Kentucky
Transportation Cabinet (2010).
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Rank
1

Top 20 Counties in Fatal Crashes
County Name
Fatal Crashes in 2009
Jefferson County

52

T-2

Warren County

22

T-2

Fayette County

22

4

Hardin County

20

5

Pike County

17

6

Barren County

15

T-7

Laurel County

14

T-7

Harlan County

14

9

Pulaski County

13

T-10

Floyd County

12

T-10

Calloway County

12

T-10

Boone County

12

T-10

12

T-10

Marshall County
Montgomery
County

T-15

Knox County

11

T-15

Kenton County

11

T-15

Madison County

11

T-15

Nelson County

11

T-15

Daviess County

11

T-20

Hopkins County

10

T-20

Henderson County

10

T-20

Pendleton County

10

T-20

McCracken County

10

T-20

Whitley County

10

T-20

Christian County

10

12

Table 3.5 Top Fatal Crash Count by County. Data Source: Fatality Analysis Reporting
System (FARS) Encyclopedia (2009).
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CHAPTER 4 DATA AND METHODOLOGY
This chapter discusses the data as well as the methodology used to complete the
study. The data was gathered from multiple sources with the main focus being on the
fatal crash point data from the FARS. The methods employed in this study include basic
spatial analysis techniques such as spatial join as well as advanced spatial statistical
methods related to Kernel Density Estimation. The aim is to determine the hot spots of
fatal crashes in areas on a large geographic scale and then identify hot spots along
roadway segments on a smaller scale for the purpose of identifying dangerous road
segments. The chapter is organized as follows. The main datasets used to conduct the
study, along with the pre-processing tasks, are discussed in depth in Section 4.1 while the
following Section 4.2 provides the explanation of the main methods adopted in this study.
4.1. Data Collection and Pre-Processing
Datasets used in this thesis were obtained from several sources including the
Fatality Analysis Reporting System (FARS), the National Highway Traffic Safety
Administration (NHTSA), the Kentucky Transportation Cabinet (KYTC), the U.S. 2010
Census, and the Kentucky Division of Geographic Information. In particular, the main
datasets under study was the FARS crash locations and related attributes were
downloaded from the FARS encyclopedia (FARS, 2009) maintained by the NHTSA,
while traffic flows and road line shape files as well as licensed driver statistics by county
from the KYTC (Kentucky Transportation Cabinet, 2009). Some background data, such
as the state boundaries of Kentucky, Ohio, Indiana, Illinois, Missouri, Tennessee, West
Virginia, and Virginia state and the boundaries of Kentucky’s county were acquired from
the U.S. Census 2010 Tiger®/Line database (U.S. Census, 2010). Kentucky’s
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Incorporated Cities point files were acquired from the Kentucky Division of Geographic
Information (Kentucky Division of Geographic Information, 2011). These files other
than the FARS data were used in conjunction with the FARS data for reference and
visual aesthetics.
Data with Data Sources Used
Data Source
FARS Database (FARS, 2009)
NHTSA (NHTSA, 2010)
Kentucky Transportation Cabinet
(Kentucky Transportation Cabinet,
2009)
U.S. 2010 Census (U.S. Census,
2010)
Kentucky Division of Geographic
Information (Kentucky Division of
Geographic Information, 2011)








Data
FARS Crash Points from 2001 to 2009
Fatal Crash Statistics
Licensed Driver Count by County
Roads centerline shape file
Average Daily Traffic Flow shape file
State and County Boundary Tiger/Line
shape files



Incorporation Points

Table 4.1 List of Data Sources and Data
The FARS encyclopedia is an often used compilation of fatal crash datasets which
are created from police records and on-site documentation and has been in working order
since the 1st of January 1975. FARS data can be downloaded from the encyclopedia and
is free to the public. The data is available for download in many forms and file types, but
for the purpose of this study the .dbf files were used. The FARS data are downloadable
for the entire nation by the year in which each fatal crash occurred in. The years of 2001
through 2009 were used for this research. Within each of the yearly downloadable files
there are three main .dbf files, accident.dbf, person.dbf, and vehicle.dbf. The
accident.dbf file contains a variety of attributes and information about the actual fatal
crashes, such as time of day, day of the week, month, year, lighting conditions and road
type. The person.dbf file includes information and variables about the persons that were
involved in each fatal crash such as age and sex of each occupant involved, even ones
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that weren’t considered a fatality. The vehicle.dbf provides information and variables
about the vehicles that were involved in each fatal crash, also including ones that didn’t
have any fatalities in them. The first two .dbf files are of importance to this thesis
research since they include the information about locations of fatal crashes as well as
various attributes of drivers.
To be used in GIS analysis, the accident.dbf file was first added into ArcMap®.
The Display X, Y Data tool was used with the coordinates (latitude and longitude)
recorded at the site of each fatal crash to generate a point shape file for all of the fatal
crashes. Overall, nine separate point shape files were create separately, one for each year
from 2001 to 2009. They were merged, using the Merge tool in ArcToolbox®, into one
single master accident shape file encompassing all nine years. This master accident shape
file contains all FARS crashes from 2001-2009 nationwide, named as USAccidentshape.
However this new USAccidentshape, originated from the accident.dbf, does not include
information such as ages of people involved, gender, etc. These attributes are only
available in the person.dbf files. In order to join each of the people involved with each
of the fatal crashes it was necessary to merge the person.dbf files together to create a
similar master file named, USperson.dbf. The USaccident.dbf and the USperson.dbf
files needed to be joined so that there was a file that could be graphically represented as
well as providing information about the people involved in the crash. This was done by
creating a unique ID. A unique ID field is essential in both files since it identifies each
fatal crash incident as well as the driver involved in a specific accident. For each year, an
attribute, called “ST_CASE”, is available in both original accident.dbf and person.dbf.
However it restarts every year, which requires a new unique ID to be created for the
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entire study period from 2001 to 2009. To achieve this, two new text fields, named as
STCASEYR, were created, one for USPerson.dbf and one for USAccidentshape. Both
fields were filled with a formula “STCASEYR = ‘ST_CASE’ and ‘YEAR’” in the Field
Calculator, thus giving each crash event and person(s) involved a unique ID for the
entire study period. These two STCASEYR fields were then used to join together the
two files so that the attributes of each driver can be attached to the respective fatal crash
in which he or she was involved. Because the analysis was conducted on the fatal
crashes within Kentucky from 2001 to 2009, those fatal crashes that were recorded in
Kentucky were selected first using the State Federal Information Processing Standards
(FIPS) code, “STATE = ’21’”, and then exported to a new shape file, named here as
KYAccidentshape, with a projected coordinate system of Kentucky State Plane Single
Zone (Note: all geospatial data in this research were projected in this same projected
coordinate system for the purpose of spatial analysis). In further analysis, this
KYAccidentshape was then subdivided by five different attributes (Table 4.1): by
driver’s age (ages 16 to 25, 26 to 35, 36 to 45, 46 to 55, 56 to 65, 66 to 76 and 76 and
older); by the time of day (including 6am to 10am, 10am to 2pm, 2pm to 6pm, 6pm to
10pm, 10pm to 2am, and 2am to 6am); by day of a week; by season based on the equinox
and solstice dates from 2011; and by whether there was alcohol involved.
Subdivision of Data
Time
Other
Subdivision Factor
Time of a day
Alcohol Involvement
Day of a week
Seasons
Table 4.2 Subdivisions of Fatal Crashes by Various Factors
Driver
Age
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4.2. METHODOLOGY
4.2.1. Rate Calculation
The purpose of this analysis is to identify road segments that had high
concentration of fatal crashes with regard to their average daily traffic flows (ADT). The
GIS techniques adopted include spatial joins, summarizing, and field calculation.
Because traffic flows are only available in Kentucky along Interstate, U.S., and State
Highways not local roads, the FARS crash points must first be exported to a new point
shape file that only contains crashes along these three road types. The ‘Select by
Attributes’ operation was used to complete this task using the equation, “‘ROUTE’ = 1
OR ‘ROUTE’ = 2 OR ‘ROUTE’ = 3”. These selected points were then exported to a new
point shape file. Next, a spatial join operation was carried out so that each FARS crash
point could be associated with a road segment along with it most likely occurred. Then
for each road segment, a total number of fatal crashes are counted using Summarizing
technique based on each road’s unique route code (Each route in Kentucky is given a
unique code based on the county it is located and then also what route it is). This
summary table was then joined back to the road shape file. Lastly, the rate was calculated
by dividing the number of fatal crashes along each roadway by the ADT count,
multiplying a factor of 1,000 (to avoid small values). The calculation of the rate were
conducted in the Field Calculator using such equation as “ADTFARSRAT = (COUNT /
LASTCNT) * 1000”, which gives a ratio of fatal crashes per 1,000 vehicles along each
road segment.

38

4.2.2. Planar Kernel Density Estimation
In order to identify the areas in Kentucky with high concentration of fatal crashes,
Kernel Density Estimation (KDE) was adopted. KDE is a spatial analysis technique for
calculating the density of a point phenomenon across a planar space. For the purposes of
this research, KDE turns discrete point data into a continuous surface of values, which
shows the spreading, and clusters of the phenomena across space, often planar or 2-D
(this often termed as planar KDE). KDE involves placing a symmetrical surface of each
point and then evaluating the distance from the point to a reference location, then
summing the value for all the surfaces for each reference location. The general form of
the KDE mathematical function, as explained in Xie and Yan’s paper (2008), is given by:

where (s) is the density at location s, r is the search radius (bandwidth) for the
KDE (only points within r are used to estimate (s)), k is the weight of a point I at
distance dis to location s. k is usually modeled as a function (called kernel function) of
the ratio between dis and r. As a result, rather than choosing a uniform function that gives
equal weight to all points within the bandwidth r, the KDE uses a model function through
which “distance decay effect” can be taken into account. All the points within the
bandwidth r of location s, weighted more or less depending on its distance to s, are
summed for calculating the density at s.
The KDE method was conducted using the Spatial Analyst extension of ArcGIS
Desktop 9.3.1. For each of the analysis it was necessary to select a proper bandwidth and
also a cell size for the output raster. The bandwidth (or search radius) determines how
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large an area away from each point the kernel function will stretch. The bandwidth that
was used for this research at the larger scale state-level analysis was 10,000 feet. The
output raster cell size was 500 feet. Within the KDE tool in ArcGIS there is the option to
set an analysis zone. Because the study area is the state of Kentucky, the raster analysis
mask was set to the Kentucky state shape file. The results were a raster output file that
only encompassed a surface within the boundary of Kentucky.
4.2.3. Network Kernel Density Estimation
Network KDE is an extension of the standard planar KDE. Instead of calculating
the density of point events over an area unit, the Network KDE function estimates the
density of point events over a linear unit within a network. This provides the ability to
identify areas of clusters along network space, and since traffic crashes point events are
constrained to network space because of the roadways, this method becomes more
accurate for identifying hot spots of spatial point events along linear features such as
roadways. To use the Network KDE method, a downloadable tool, SANET ver. 5.0
(http://sanet.csis.u-tokyo.ac.jp/), was used. SANET is a tool that can be integrated in
ArcMap 9.3.1. SANET was created by Dr. Atsu Okabe and the SANET team in Tokyo,
Japan. SANET ver. 5.0 provides many tools for the spatial analysis in network space.
The tool chosen for this method was Network KDE. The equation that is used by this
tool to conduct can be found in Okabe et al. (2009), which is essentially the same found
in Xie and Yan’s paper (2008) :
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It is necessary to emphasize that the network KDE differs from the planar KDE in
several aspects: (1) network space is used for the context of the point events, (2) the
bandwidth (or search radius) and the kernel function are based on network distance as
opposed to Euclidean based (straight line) distance, and (3) density is measure per linear
unit.
As pointed out by Xie and Yan (2008), Network KDE is more suitable for
detecting hot spots of spatial point events in more localized scales. The study area for this
task is much smaller than the one used in the previous sections. Instead of a statewide
analysis of Kentucky as used in sections 3.2.1 and 3.2.2, the study area was shrunk down
to the Jefferson County and Warren County. Jefferson County is the highest populated
county in the State of Kentucky and Louisville, Kentucky’s most populous city, is located
in Jefferson County and, Warren County is the home to Western Kentucky University as
well as the 3rd more populated county. When using this tool it was necessary to again
determine the parameters of bandwidth (search radius) and output cell size. The
bandwidth that was used for this method was 500 network feet and an output cell size of
100 network feet. The smaller bandwidth and cell size were chosen based on the smaller
local scale of the county level analysis.
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CHAPTER 5 RESULTS AND DISCUSSION
The findings from the kernel density estimation (KDE) methods as well as the
statistical analysis from the case studies on The Commonwealth of Kentucky (Planar
KDE and statistical analysis) and the two selected populous counties (Jefferson County
and Warren County) in Kentucky (Network KDE) are reported in this chapter. The
chapter is organized as follows. Section 5.1 contains the findings from the rate
calculation and statistical analysis while Section 5.2 reports and discusses the overall
spatial patterns of the kernel density estimation based on the merged FARS dataset for
the years of 2001-2009. The findings from further analysis based on the temporal and
demographic factors are presented in Sections 5.3 and 5.4 respectively. Lastly, Section
5.5 reports the results of network KDE for two case studies of Jefferson County and
Warren County.
5.1 Rate Calculation and Statistical Analysis
5.1.1. Fatal Crashes per Road Segment
The number of fatal crashes was calculated per road segment during the study
period of 2001-2009. The top three were the segments along I-65 in Hardin County with
16 fatal crashes, a stretch of I-75 in northern Whitely County with 14 fatal crashes, and a
stretch of I-65 in southern Warren County with 14 as well (Table 5.1). The segment with
the most fatal crashes, I-65 in Hardin County is located outside of Elizabethtown, KY
(Figure 5.1 and top left Figure 5.2). This part of the interstate has areas which are two
lanes per side and also portions that have three lanes per side. This section of I-65 curves
and winds around the landscape with many hills, this combined with the high speed limit
(Note: 65 mph before 2007 or 70 mph after. In 2007 speed limits was raised along
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interstates in Kentucky) and large amount of traffic flow throughout the area provides for
the possibility of poor visibility and increased driver errors. There are many different
roadways that converge in this location as well, with cars trying to enter and exit the
interstate, this would increase the possibility of more crashes occurring. Also drivers
coming from different roadways could not be comfortable with driving on the Interstate
with the higher speeds and larger volume of vehicles. This specific segment has a
relatively low average daily traffic flow for so many fatal crashes occurred along this
8.37 mile stretch of interstate. It is only ranked as the 158th most traveled segment in
Kentucky with 45,382 vehicles daily. This number is relatively high ranking overall but
compared to other sections of Interstates in the state is in the middle.
There are two segments with 14 fatal crashes occurring along them. The first is a
road segment of I-75 9.2 miles long in northern Whitely County (top right Figure 5.2).
This segment is also a winding stretch of two lanes per side interstate highway. 9 of the
14 fatal crashes occurring on this segment are along three curves in the roadway, one of
which 5 fatal crashes are located along. This segment of I-75 is only the 381st most
traveled segment of road in Kentucky with 28,780 vehicles daily. This number is low in
comparison to the other major highways in Kentucky, especially with such a large
amount of fatal crashes occurring along it. The second of the two segments with 14 fatal
crashes is located south of the City of Bowling Green along I-65 in Warren County
(bottom Figure 5.3). This road segment differs from the previous two in the fact that it is
more or less a straight 6.8 mile stretch of highway. This area was recently under
construction making it from a two lane per side highway to a three lane per side highway.
All of the fatal crashes that occurred were during the time that this part of the highway
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was a two lane road. Another factor that may be contributing to the large amount of fatal
crashes along this segment is that there are three exits that are along this stretch.
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Number of Fatal Crashes by Road Segment
between 2001-2009
Rank
1
T-2
T-2
4
T-5
T-5
T-5
T-5
T-9
T-9
T-9
T-9
T-9
T-9
T-9
T-9
T-17
T-17
T-17
T-17
T-17
T-17
T-17
T-17
T-25
T-25

Unique Route ID
047-I -0065
114-I -0065
118-I -0075
056-US-0031W
041-I -0075
018-US-0641
076-I -0075
056-US-0031W-1
093-I -0071
118-I -0075
036-US-0023
039-I -0071
047-I -0065-1
050-I -0065
118-I -0075
097-KY-0015
107-I -0065
026-HR-9006
039-I -0071
063-I -0075
063-I -0075-1
102-I -0075
015-I -0065
057-US-0027
005-I -0065
19 Others Tied with 7

Fatal Crashes
16
14
14
11
10
10
10
10
9
9
9
9
9
9
9
9
8
8
8
8
8
8
8
8
7

Table 5.1 Top 30 Road Segments of Total Fatal Crashes between 2001 and 2009. Note:
The unique route ID is created as follows; FIPS County Code – Route Prefix – Route
Number. Data Source: FARS and Kentucky Transportation Cabinet (2001-2009).
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Figure 5.1 Number of Fatal Crashes Per Road Segment in Kentucky. Data Source: FARS
and Kentucky Transportation Cabinet (2001-2009).
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Figure 5.2 Close up View of the Three Segments with the Most Fatal Crashes. Note:
Top left: I-65 in Hardin County outside of Elizabethtown; Top right: I-75 in Whitley
County; Bottom: I-65 in southern Warren County. Data Source: FARS (2001-2009) and
Kentucky Transportation Cabinet (2010).
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The similarities that the three segments all have is that they are road segments
with high speed limits (65mph or 70mph) and areas that are two lanes per side in all or
most of the highway. Both the segments of I-65 in Hardin County and I-75 in Whitley
County are both winding and curved that could possibly provide for low visibility and a
higher risk of driver error.
5.1.2. Rate of Fatal Crashes per 1,000 Vehicles Daily
The ratio of fatal crashes to the average daily traffic was also calculated per road
segment (Table 5.2). The segment with the highest rate is a 5.2 mile segment of KY3201 in north Logan County north of Russellville (Figure 5.3). The rate stands 22.22
crashes per 1,000 daily vehicles. The road is a narrow two lane rural route that winds and
curves through country side with a 55 mph speed limit throughout. There were two fatal
crashes total along this road with an average daily traffic of 90 vehicles. The two fatal
crashes that occurred along this road both occurred within 100 feet of each other along a
slight curve. Based on aerial photos it was determined that there is a row of trees on one
side with a ditch running parallel to the other side in close proximity to the edge of the
road; both of which were the harmful event in each of the crashes. The curve seems to be
the reason for both of these crashes since both in such close proximity occurred along it.
The highest rates of fatal crashes per 1,000 vehicles daily are mostly Kentucky
state routes in rural areas with low average daily traffic, with none of the top 30 having
more than 450 vehicles per day. All of the roads in the top 30 all required drivers to
navigate around turns and curves where the posted speed limit was 55mph. This would
indicate that the highest rates occur on roads that aren’t travelled often and also require
drivers to extremely attentive to the surroundings and road environment. Also this points
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to the fact that while there are more people that travel along the interstate and U.S.
highways, the country roads because of the shape, narrow lanes, and speed at which
vehicles travel can be much more dangerous to navigate than other routes.
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Rate of Vehicles Involved in Fatal Crashes per 1000 Daily Vehicles
Rank
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Unique Route ID
071-KY-3201
068-KY-3550
053-KY-0808
089-KY-0853
099-KY-3354
031-KY-3021
055-KY-0089
016-KY-0269
012-KY-1951
054-KY-1220
005-KY-0685
013-KY-0542
031-KY-2330
026-KY-0066
054-KY-0281
091-KY-0057
061-KY-0459
032-KY-0755
074-KY-0700
013-KY-0542
053-KY-1772
070-KY-0137
096-KY-1053
045-KY-0784
086-KY-2509
112-KY-1335
018-KY-1551
002-KY-3241
113-KY-0758
100-KY-1675

Average Daily
Traffic
90
48
49
52
125
131
70
70
74
78
156
79
80
333
85
170
277
93
281
191
102
102
102
105
106
110
111
446
112
227

Fatal
Crashes
2
1
1
1
2
2
1
1
1
1
2
1
1
4
1
2
3
1
3
2
1
1
1
1
1
1
1
4
1
2

Rate per 1000 Daily
Vehicles
22.22222222220
20.83333333330
20.40816326530
19.23076923080
16.00000000000
15.26717557250
15.28571428570
15.28571428570
13.51351351350
12.82051282050
12.82051282050
12.65822784810
12.50000000000
12.01201201200
11.76470588240
11.76470588240
10.83032490970
10.75268817200
10.67615658360
10.47120418850
9.80392156863
9.80392156863
9.80392156863
9.52380952381
9.43396226415
9.09090909091
9.00900900901
8.96860986547
8.92857142857
8.81057268722

Table 5.2 Top 30 Rates of Fatal Crashes per 1,000 Average Daily Vehicle Count between
2001 and 2009. Data Source: FARS (2001-2009) and Kentucky Transportation Cabinet
(2010).

50

Figure 5.3 Rate of fatal Crashes per 1,000 Drivers Daily in Kentucky. Data Source:
FARS (2001-2009) and Kentucky Transportation Cabinet (2010).
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5.1.3. Fatal Crashes by Unique Route ID
Based on each road in Kentucky’s Unique Route ID created by the KYTC, the
road that had the most fatal crashes along it was US-23 in Pike County (Table 5.3 and
Figure 5.4). This road is approximately 33 miles long and winds through the
Appalachian Mountains in Pike County (top right Figure 5.5). There were 39 fatal
crashes that occurred along US-23 in Pike County during the study period. The fatal
crashes recorded along this road are generally close to curving portions of this road, areas
where there are intersections, or both. The speed limit along most of US-23 is 55mph
with small portions in extremely curvy areas where it is marked at 45mph. High speeds
again mixed with drastic changing elevations and curving road configuration could lead
to the large amount of fatal crashes that were found along this route. There were two
unique route ID’s that were tied for second with 38 fatal crashes. The first is US-31W in
Jefferson County (top right Figure 5.5). US-31W in Jefferson County runs in and out of
Louisville, but many of the crashes did not occur within the Outer Loop of I-265, 28 of
the 38 fatal crashes along this route were located outside of the Louisville area. This
specific portion of US-31W has posted speed limits that are between 45mph and 35mph
and a moderate to low average daily traffic flow. The fatal crashes along this route
seemed to be clustered in six major areas, which were all areas with curves or areas that
had strip malls and intersections with smaller routes. This includes a cluster of 7 fatal
crashes that happened within 0.3 miles of each other on part. Many of the clusters occur
at intersections or areas that are available for vehicles to turn on to the route coming from
stop signs from smaller roads or parking lot entrances of strip malls. The other Unique
Route ID that was found to have 38 fatal crashes was I-65 in Hardin County (bottom
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Figure 5.5). This unique route ID contains the road segment that accounts for the highest
total fatal crashes along a road segment discussed in Section 5.1.1 with 15. The other
segments that are within this Unique Route ID contain 9 and 7 fatal crashes respectively.
This portion of I-65 has many exits and many areas where there would be traffic trying to
enter and exit the highway. Also this is an area with high traffic flow and high speeds
which could contribute to the presence of so many fatal crashes in this area.
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Fatal Crashes by Unique Route ID
Rank
1
T-2
T-2
4
T-5
T-5
T-7
T-7
T-7
T-10
T-10
T-12
T-12
T-12
T-15
T-15
T-15
T-15
T-15
T-15
T-15
T-22
T-22
T-22
T-22
T-22
T-22
T-22
T-22
T-30
T-30

Unique Route
ID
098-US-0023
056-US-0031W
047-I -0065
118-I -0075
056-I -0065
056-I -0265
026-US-0421
056-US-0031E
114-I -0065
097-KY-0015
100-US-0027
036-US-0023
098-KY-0194
098-US-0460
034-KY-0004
041-I -0075
047-US-0031W
048-US-0119
056-I -0264
063-I -0075
063-US-0025
013-KY-0015
015-I -0065
034-US-0027
056-I -0064
056-KY-0061
059-I -0075
061-US-0025E
066-US-0421
050-I -0065
100-KY-0080

Fatal
Crashes
39
38
38
35
32
32
28
28
28
25
25
24
24
24
23
23
23
23
23
23
23
22
22
22
22
22
22
22
22
21
21

Table 5.3 Top 30 Roadways With Most Fatal Crashes between 2001 and 2009. Note: the
number was summarized by Unique Route ID. This is different from Table 5.1 because
there are many road segments within one Unique Route ID. Data Source: FARS (20012009) and Kentucky Transportation Cabinet (2010).
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Figure 5.4 Numbers of Fatal Crashes by Unique Route ID in Kentucky. Data Source:
FARS (2001-2009) and Kentucky Transportation Cabinet (2010).
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Figure 5.5 Close up View of the Top Three Routes with Most Fatal Crashes by Unique
Route ID. Note: Top left: US-23 located in Pike County in Eastern Kentucky with 39
fatal crashes; Top right: US-31W in Jefferson County outside of Louisville with 38
fatal crashes; Bottom: I-65 in Hardin County outside of Elizabethtown with 38 fatal
crashes. Data Source: FARS (2001-2009) and Kentucky Transportation Cabinet
(2010).
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5.2. Spatial Distribution of Fatal Crashes in Kentucky by Planar KDE

The first Kernel Density estimation (KDE) was carried out using all of the fatal
crashes from 2001-2009 in Kentucky, in an attempt to determine if and where there were
spatial patterns of fatal crashes during the study period. At the first glance, the overall
spatial distribution of fatal crashes largely reflects the population distribution of
Kentucky (Figure 5.6). The two most noticeable hotspots on a large scale are located in
the Louisville metropolitan area in Jefferson County as well as around the City of
Lexington in Fayette County. These two cities are the top two most populous cities in
Kentucky respectively. Another area that contains hot spots of fatal crashes is south of
Cincinnati in the Newport and Erlanger areas of Northern Kentucky. This is
understandable since the planar KDE analyze the spatial distribution of raw points of
fatal crashes and in general there are more fatal crashes in the areas with the higher
traffic, i.e. large urban areas and highly trafficked highways. In the density map (Figure
5.7), all of the Interstates are easily visible with the exception of some parts of I-24 in
western Kentucky. This makes sense because the more traffic and more vehicles along a
given roadway there would be a higher probability that someone or something could go
wrong and result in a fatal crash. Other reasons these areas could be showing up is that
there are roads converging in the urban areas. Convergence of roadways, especially
highly trafficked ones such as the Interstates and some U.S. highways in Kentucky, often
leads to the increased possibility of fatal crashes. On a smaller scale, the areas that are
available for drivers to turn onto a road from stop signs or no marked signal such as an
exit from a strip mall location are also identified as areas with hot spots in Figure 5.7.
The reason behind this is that there is the possibility for human error, and along roads that
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are highly trafficked with high speed limits gives lends for a dangerous combination.
Many of the hot spots that weren’t located along the interstates but along state routes and
U.S. highways were in the areas such as this.
In summary, based on the statewide density surface estimated by the planar KDE,
spatial distribution of fatal crashes in Kentucky seems to follow highly trafficked
roadways and with hot spots located in the major urban areas, as well as converging road
ways with high traffic.
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Figure 5.6 Statewide Planar KDE Surface of Fatal Crashes (2001-2009). Note: 10,000
foot search radius and a 500 foot cell size were used. Also a 15 class Natural Breaks
(Jenks) was used to classify the KDE density values. Data Source: FARS (2001-2009)
and Kentucky Transportation Cabinet (2010).
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Figure 5.7 Statewide Planar KDE Surface of Fatal Crashes (2001-2009). Note: 10,000
foot search radius and a 500 foot cell size were used. Also a 15 class Natural Breaks
(Jenks) was used to classify the KDE density values. Data Source: FARS (2001-2009)
and Kentucky Transportation Cabinet (2010).
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5.3. Spatial Distribution of Fatal Crashes based on Temporal Factors
5.3.1. Time of Day
The first division of FARS data that was analyzed temporally was based on the
time of day when each fatal crash happened. Six intervals were used, namely, 2-6 am, 610 am, 10 am-2 pm, 2-6 pm, 6-10pm and 10pm-2 am. Of the 7,270 fatal crashes between
the years of 2001 and 2009, 1,801 fatal crashes occurred between 2pm and 6pm which is
the most, with the least occurring between 2am and 6am with 655 fatal crashes (Figure
5.8). This is a very drastic difference between the highest and lowest totals. This can be
understood since higher traffics are likely to occur between the hours when people would
be either traveling to or from work.

Fatal Crashes by Time of Day between
2001 and 2009
Fatal Crashes
2000

1801

# of Crashes

1526
1500

1277
1036

975

1000
655
500
0

2am to 6am 6am to 10am 10am to 2pm 2pm to 6pm 6pm to 10pm 10pm to 2am
Time of Day

Figure 5.8 Number of Fatal Crashes by Time of Day. Note: The highest is 2pm to 6pm
with 1,801 fatal crashes during that time of the day. Data Source: FARS Encyclopedia
(2001-2009).
There are also significant differences in density of fatal crashes by time of day
and there are many more clusters of fatal crashes between the hours of 2pm to 6pm,
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which is expected with a significantly larger number of crashes occurring during these
time periods (Figures 5.9, 5.10, 5.11, 5.12, 5.13, and 5.14). One observation is consistent
throughout all six density maps: The most significant and largest hotspots revolve around
the Louisville metropolitan area in Jefferson County. The Lexington area in Fayette
County and the Northern Kentucky area south of Cincinnati also contain hot spots
throughout all the time periods. The density map for the time period of 2pm to 6pm
shows a large number of hot spots throughout the state of Kentucky, many of which
coincide very closely with urban areas. Hence it would be assumed that a lot of the
crashes are persons leaving work or traveling during the middle to end of the day. In
addition, the areas that only show hot spots throughout this time period of 2pm to 6pm
are located around the urban areas of: Paducah (12 fatal crashes), Murray (10 fatal
crashes), Cadiz (5 fatal crashes), Hopkinsville (12 fatal crashes), Russell Springs (5 fatal
crashes), Plum Springs (6 fatal crashes), Columbia (5 fatal crashes), Springfield (4 fatal
crashes), Frankfort (13 fatal crashes), Danville (9 fatal crashes), Lagrange (7 fatal
crashes), Loyall (9 fatal crashes), and in between Allen and Prestonsburg on US-23 (8
fatal crashes). These areas don’t show any significant hot spots except for between the
hours of 2pm and 6pm. This can most likely be attributed to people having to work in the
urban areas and travelling to or from them along with a possible need to travel after work
for goods such as food or other household needs. Throughout the times of 6pm to 10pm
there are a lot of similar hot spots as the hours of 2pm to 6pm. While there aren’t as
many hotspots or crashes, many of the crashes could possibly have been attributed to
similar factors of leaving work and traveling on a personal trip after work on the persons
travel home.
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Figure 5.9 Density of Fatal Crashes Occurring Between the Hours of 2pm and 6pm.
Note: The main urban areas across the state are seen as hot spots during this time
period. Data Source: FARS Encyclopedia (2001-2009).
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Figure 5.10 Density of Fatal Crashes Occurring Between the Hours of 2am to 6am.
Note: During this period there are the fewest fatal crashes and this is evident based upon
the lack of hot spots throughout the areas outside of Louisville and Lexington. Data
Source: FARS Encyclopedia (2001-2009).
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Figure 5.11 Density of Fatal Crashes Occurring Between the Hours of 6am to 10am. Data
Source: FARS Encyclopedia (2001-2009).
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Figure 5.12 Density of Fatal Crashes Occurring Between the Hours of 10am to 2pm. Data
Source: FARS Encyclopedia (2001-2009).
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Figure 5.13 Density of Fatal Crashes Occurring between the Hours of 6pm to 10pm
time. Data Source: FARS Encyclopedia (2001-2009).
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Figure 5.14 Density of Fatal Crashes Occurring Between the Hours of 10pm to 2am.
Data Source: FARS Encyclopedia (2001-2009).
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Between the times of 10am and 2pm the clusters that are shown are generally
include more linear patterns as opposed to the hours of 2pm to 6pm and 6pm to 10pm
during which the hotspots of fatal crashes tend to cluster around urban areas. While the
three large urban areas of Louisville, Lexington and Northern Kentucky can be seen,
there are linear patterns along the major road ways, mainly I-65 and I-75 going north to
south, which the hot spots seem to follow pretty closely through the state. This may be
the result of people traveling in the other times when the traveling is mostly along
interstates to travel longer distances to destinations that are not home-based or workrelated. Overall, there are notable differences in the spatial distribution of fatal crashes
based on the time of day. There are more hot spots found within the hours of 2pm to
6pm. The hot spots during these hours are clustered mainly around urban areas.
Between the hours of 10am to 2pm the locations of hotspots tend to exhibit a different
pattern, which involves linear patterns that could show that there are different types of
travelers on the roads during different hours of the day resulting in more fatal crashes
along the major interstates and highly trafficked U.S. highways.
5.3.2. Day of the Week
Figure 5.15 shows the distribution of fatal crashes based on what day of the week
a fatal crash was recorded on. The highest overall is Saturday with a total of 1,243 fatal
crashes and the lowest being a tie with 963 on Monday and Tuesday. While there are
differences in the number of fatal crashes based on the day of the week, the distribution
of hot spots are somewhat similar, in that they are located around the four larger urban
areas of Kentucky, namely Louisville, Lexington and, Northern Kentucky. There are also
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other hot spots observed along the interstate highways, specifically sections of I-65 and
sections of I-75.

FARS Kentucky Fatal Crashes by Day of
Week between 2001 and 2009
Fatal Crashes
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Figure 5.15 Number of Fatal Crashes by Day of the Week. Note: Saturday has the
highest number of fatal crashes at 1,243. Also the Sunday numbers may be inflated by
ones occurring early morning as a result of Saturday night life. Data Source: FARS
Encyclopedia (2001-2009).

Outside of the major hot spots in the three larger urban areas there are two notable
hot spots in Perry County during two different days, Wednesday and Thursday. On
Wednesday there is a hot spot of 6 fatal crashes along KY-15 outside of Hazard (outlined
in blue, Figure 5.16). This is an area where there are many state routes that are
converging together. This could contribute to the amount of fatal crashes within this
area. The other noticeable hot spot is on Thursday is north of Hazard along KY-15 as
well (outlined in blue, Figure 5.17). There is a stretch of highway where there are four
fatal crashes within a 1.1 mile stretch with another two fatal crashes 1.3 miles down the
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KY-15. Both are in different areas but could be the result of similar factors. These areas
contain narrow two lane state highways, high speeds of 55 mph, and winding through the
foothills and mountainous areas of the Appalachian Mountains. The reason for these two
days having significant hot spots in this area is not known.
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Figure 5.16 Density of Fatal Crashes Occurring on Wednesday. Note: A large hotspot
(outlined in red) can be observed in Hardin County outside of Elizabethtown as well as in
Perry County (outlined in blue). Data Source: FARS Encyclopedia (2001-2009).
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Figure 5.17 Density of Fatal Crashes Occurring on Thursday. Note: There is a large
hotspot in downtown Louisville of 26 fatal crashes (outlined in red). Data Source: FARS
Encyclopedia (2001-2009).
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Another significant hot spot in a location with no clusters in any of the other days
except one is on Wednesday outside of Elizabethtown in Hardin County (outlined in red,
Figure 5.16). This is a cluster of 7 fatal crashes within a 1 mile radius. This is within the
same area that was identified earlier as having the most fatal crashes by road segment and
also the most fatal crashes by Unique Route ID. All crashes are not however located
along the stretch of I-65 that was previously identified. The only visible hotspot based on
the days of the week in this area is during the Wednesdays. The reasons behind this are
not known and seem odd that during the work week that there would be such a hot spot in
a specific area on this one day and not any of the others.
While there are hotspots throughout Jefferson County as a result of Louisville, on
Thursday particularly there is a large hot spot of 26 fatal crashes within 3.5 miles of the
main downtown area (outlined in red, Figure 5.17). The fatal crashes aren’t all on the
same roadways, but the close proximity of these fatal crashes on this day signifies that
there is increased danger and possibly increased traffic flow into this area on Thursdays
such as night life around the area being much more prevalent on this night opposed to
others. A cluster of 10 fatal crashes south of Louisville just west of I-65 produced a
significant hot spot on Thursday in a location that there are no visible hot spots on any of
the other days. This area is home to strip malls, two grocery stores, and two big box
stores (outlined in blue , Figure 5.17). There could be an increased amount of traffic into
this area with the end of the work week coming and the knowledge there can be spending
with a paycheck coming the next day. There is another cluster of fatal crashes that
creates a hot spot in the similar area of note, this one occurring on Sundays (Figure 5.18).
In between I-264 and I-265 along I-65 there is a hot spot of 22 fatal crashes, 12 of which
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occurred between the hours of midnight and 5am, and 9 of which were identified as
having alcohol involved. This high number of fatal crashes most likely is the result of the
high number of bars and restaurants in the area. While the crashes are recorded as being
during Sunday, the result in this instance is the product of the nightlife that would be
attending the bars and restaurants on Saturday nights. As for the other fatal crashes there
is a large mall that is located off the exit that could result in a large influx of traffic on
Sunday’s with people off of work and able to make a trip during the day.
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Figure 5.18 Density of Fatal Crashes Occurring on Sunday. Note: 22 fatal crashes outline
in red. Data Source: FARS Encyclopedia (2001-2009).
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Overall there are considerable spatial differences based on the day of the week.
During the days of Monday, Tuesday, Wednesday and outside of the main urban areas on
Thursday the hot spots seem to be located more around areas that would indicate
shopping at grocery stores and big box stores as well as fatal crashes that would be the
result of commuting to and from workplaces. On the other hand, the days of Thursday
within the urban areas, Friday, Saturday and the early morning hours of Sunday seem to
be centered on where there are nightlife and meeting places such as bars or restaurants. It
can be seen very easily from the results of the KDE in the Louisville and Lexington areas
with increased numbers of and larger hot spots.
5.3.3. Season
The fatal crashes were also divided into four seasons. There are a total of 2,030
fatal crashes during the summer, the highest among all four seasons while the lowest
number is during winter with 1,490 fatal crashes (Figure 5.19). The density surfaces by
seasons again show the three major urban areas of Louisville in Jefferson County,
Lexington in Fayette County, and south of Cincinnati in Northern Kentucky as having
clusters of fatal crashes throughout each season (Figures 5.20, 5.21, 5.22, and 5.23). A
small hot spot is shown at the Bowling Green area in the spring and winter months with
small clusters near the center of the city. Also there is the least amount of crashes during
the summer time period in Warren County with 45, compared to the most of 55 during
the Spring. This is most likely the result of Western Kentucky University having more
students enrolled during these seasons as opposed to summer, thus increasing the overall
population of the city with a large amount of students compared to during the summer
time in which the main semesters of Western Kentucky University would not be in

77

session. Similar patterns in in Fayette County where The University of Kentucky is
located as the summer time period does not have the highest amount of fatal crashes, but
there are visible hot spots in the city and not around the University of Kentucky campus
as in other months. This is very different than what was expected. Based on the large
discrepancy between the numbers of fatal crashes in the winter and summer it was
expected that there would be significantly more fatal crashes in almost every area during
the summer period, but this is not the case.
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Figure 5.19 Number of Fatal Crashes by Season. Note: Seasons were determined based
on the dates of the 2011 equinoxes and solstices. Data Source: FARS Encyclopedia
(2001-2009).
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Figure 5.20 Density of Fatal Crashes Occurring During Summer. Note: During summer,
there are more numbers of fatal crashes overall but not many noticeable hot spots can be
observed different from those in other seasons. Data Source: FARS Encyclopedia (20012009).
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Figure 5.21 Density of Fatal Crashes Occurring During Autumn. Data Source: FARS
Encyclopedia (2001-2009).
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Figure 5.22 Density of Fatal Crashes Occurring During Spring. Data Source: FARS
Encyclopedia (2001-2009).
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Figure 5.23 Density of Fatal Crashes Occurring During Winter. Note: There are
significantly less hot spots throughout this time period compared to the other seasons, the
only areas with significant hot spots are Louisville, Lexington, Northern Kentucky south
of Cincinnati and Bowling Green. Data Source: FARS Encyclopedia (2001-2009).
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The winter season shows noticeable difference in terms of both the number of
fatal crashes as well as the locations of hot spots of fatal crashes (Figure 5.23). There are
fewer areas that can be identified as clusters of fatal crash during winter than other
seasons. The few areas identified as hot spots are located in Louisville, Lexington, south
of Cincinnati in Northern Kentucky, and Bowling Green, as well as a small area along I75 in Whitley County. The fewer numbers of fatal crashes and the lack of hot spots
outside of these five major urban areas could be attributed to not as many people being on
the road or traveling less than in the other seasons. For example, in Casey County there
were only 2 fatal crashes during the winter months but a total of 41 in the other three
seasons that occurred between 2001 and 2009.
The distribution of fatal crashes around the Louisville metropolitan area also
changes very drastically throughout the four seasons. While there are observable hot
spots in Jefferson County and around the Louisville area every season, some major
differences can be seen. During summer, there is a large hot spot located in the
downtown area that contains 25 fatal crashes in a 1.2 mile radius around downtown
Louisville (Figure 5.20). The other seasons show hot spots but not as tightly packed and
not as many. During spring there is a hot spot that is a cluster of 22 fatal crashes that is in
the vicinity and is on the corresponding exits that people would take to attend horse races
at Churchill Downs (Figure 5.22). Churchill Downs has horse racing during the spring
time period and this year (2011) the races went from April 30th to July 4th. This could
mean an influx of people to this location that would not normally be coming back and
forth to attend the horse races.
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In summary the spatial distribution of the fatal crashes do change based on the
season in which they occurred. There are more fatal crashes and more hot spots in
summer time compared to the other seasons. This is an exception in the areas where
large universities are located, such as Warren County and Fayette County. During the
winter time there are fewer fatal crashes and fewer hot spots than during the other
seasons. The main hot spots during this time are located in the larger urban areas of
Louisville, Lexington, south of Cincinnati in Northern Kentucky, and Bowling Green.
The reason for the large discrepancy of fatal crashes and hot spots between the winter
months and other months may be attributed to less people being on the roads.
5.4. Spatial Distribution of Fatal Crashes and Demographic Factors
5.4.1. Age of Drivers Involved in Fatal Crashes
In Kentucky there were 10,950 drivers involved in fatal automobile crashes
between the years of 2001 and 2009. Based on the age groups in which the data was
divided into, the age group that had the most drivers involved in a fatal crash was the
ages of 16 to 25 with 2,714 drivers involved in a fatal crash (Figure 5.24). This was a
significantly higher number than the other age groups by over 500 more drivers involved.
The age with the highest number of drivers involved during this time was 19 with 346
drivers (Figure 5.25). The large difference in the numbers of drivers involved in fatal
crashes is evident within density surfaces as well. The density of drivers involved by the
oldest two age groups in fatal crashes, 66 to 75, and 76 and over, don’t provide any
noticeable hot spots (Figures 5.26 and 5.27). The age group of 55 to 65 shows only three
minor hot spots, south of Cincinnati in Northern Kentucky, northern Laurel County along
I-75, and outside of Elizabethtown on I-65 (Figure 5.28). The youngest age group of 16
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to 25 years old, while having the most involved drivers out of all age groups, also had
more pronounced hotspots in the large urban areas of Louisville, Lexington, and Bowling
Green (Figure 5.29), all of which contain universities, University of Louisville,
University of Kentucky, Western Kentucky University, respectively. Another city that
contains a university that showed a hot spot for this young age group was Richmond,
which is the home to Eastern Kentucky University. There is a cluster of 22 drivers
involved in fatal crashes within 5 miles of the Eastern Kentucky University campus that
are within the age group of 16 to 25.

Age of Drivers Involved in Fatal Crashes in Kentucky
between 2001 and 2009
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Figure 5.24 Number of Drivers Involved in Fatal Crashes in Kentucky From 2001 to
2009 by Age Groups. Data Source: FARS Encyclopedia (2001-2009).
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Drivers Involved in Fatal Crashes by Age
between 2001 and 2009
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Figure 5.25 Number of Drivers Involved in Fatal Crashes by Age. Note: The age of 19
has the highest number of drivers involved with 346. Data Source: FARS Encyclopedia
(2001-2009).

86

Figure 5.26 Density of Drivers Involved in Fatal Crashes (66 to 75). Data Source: FARS
Encyclopedia (2001-2009).
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Figure 5.27 Density of Drivers Involved in Fatal Crashes (76 or older). Data Source:
FARS Encyclopedia (2001-2009).
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Figure 5.28 Density of Drivers Involved in Fatal Crashes (56 to 65). Data Source: FARS
Encyclopedia (2001-2009).
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Figure 5.29 Density of Drivers Involved in Fatal Crashes (16 to 25). Note: This age group
produced the most hot spots. Hot spot of 11 drivers in this age group outline in red. Data
Source: FARS Encyclopedia (2001-2009).
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In Jefferson County, centered on the Louisville metropolitan area is the location
of the largest hot spot in all of the age groups except for one. The age group of 46 to 55
has its most significant hot spot just north of downtown Lexington, where there is a
cluster of 17 drivers involved in fatal crashes in a 3 mile radius (Figure 5.30). Out of the
17 drivers there were 5 crashes of 13 with two drivers involved within this age group.
There are strip malls and also many large places of work within this area which could be
a contributing factor to so many individuals in this age group being involved in this hot
spot. Within the three youngest age groups Jefferson County, more specifically
downtown Louisville, shows up as a hot spot for drivers being involved in fatal crashes.
This could be a result of a younger demographic being more involved in activities in the
downtown areas.
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Figure 5.30 Density of Drivers Involved in Fatal Crashes (46 to 55). Note: There is a
distinct hot spot (outlined in red) for this age group in the downtown Lexington area of
17 drivers involved. Data Source: FARS Encyclopedia (2001-2009).
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In Jessamine County at a junction between US-68 and KY 169 there are similar
hot spots between the age groups of 16 to 25 and 26 to 35 (outlined in blue, Figures 5.29
and 5.31). Within the 16 to 25 year old drivers involved there are 11 drivers in involved
in a very close proximity to this junction and within the 26 to 35 year old drivers there are
9 drivers involved. This intersection is an awkward turn and a younger riskier driver may
have the tendency to pull out in traffic and take more risks resulting in a fatal crash.
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Figure 5.31 Density of Drivers Involved in Fatal Crashes (26 to 35). Note: Hot spot of 9
drivers involved in age group outline in red. Data Source: FARS Encyclopedia (20012009).
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In summary there are noticeable differences in spatial distribution of drivers
involved in fatal crashes among the different age groups. The younger age groups are
centered more in the urban areas. More specifically the hot spots of the age group of 16
to 25 are located in urban areas with universities such as, Louisville, Lexington, Bowling
Green, and Richmond. The older age groups are located more along road ways instead of
the downtown areas and around universities.
5.4.2. Reported Alcohol Involvement in Fatal Crashes
The FARS crash point dataset was broken down based on whether the police
reported there was alcohol involved in the fatal crash or not. Of the 7,271 fatal crashes in
the dataset 2,162 were identified as involving alcohol. There were two major hotspots
that were identified that stood out of the kernel density estimation surface (Figure 5.32).
The first major hotspots were located in the Louisville downtown area and the outskirts
throughout Jefferson County. Within the outskirts there is a cluster of 17 located off of I65, I-265, and KY-61 (outlined in red). This area contains many restaurants and bars.
This provides the opportunity to drink and then possibly drive. The next hot spot in
Jefferson County is in the Louisville downtown area. The large hot spot in this area
contained a cluster of 36 fatal crashes that involved alcohol (outlined in blue). The next
significant hot spot found was located in the downtown Lexington area. There are many
bars and restaurants located in the downtown area. Within this area there were 16 fatal
crashes that involved alcohol in a 3 mile radius (outlined in yellow).
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Figure 5.32 Density of Fatal Crashes that Involved Alcohol. Note: Area along KY-61
containing 17 fatal crashes outlined in red. Downtown Louisville area containing 36 fatal
crashes involving alcohol outlined in blue. Lexington area in which there were 16 fatal
crashes outlined in black. Data Source: FARS Encyclopedia (2001-2009).
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Overall the spatial patterns of fatal crashes involving alcohol seem to be related to
two factors. The first factor is areas that have high areas of population. The second
factor is areas of nightlife and accessibility to alcohol. The three largest hot spots
contained both of these factors along with interstate highways in close proximity which
would make areas of higher traffic flow.
5.5. Network Kernel Density Estimation
Two case studies were conducted in Jefferson County and Warren County to test
the usefulness of network kernel density estimation (Network KDE) in locating localized
structures of fatal crashes in small geographic scale. The findings for both case studies
are reported in the following two sections.
5.5.1. Jefferson County
Jefferson County is the home to Louisville, the largest city in Kentucky.
Jefferson County also contained the most fatal crashes throughout the study period. The
Network KDE method was able to identify many hot spots throughout Jefferson County
and Louisville (Figure 5.33). Some of the hot spots found were consistent with the areas
identified by planar KDE while some however had not been identified as hot spots
previously.
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Figure 5.33 Density of Fatal Crashes in Jefferson County Estimated by Network KDE.
Note: Network KDE differs from planar KDE in that it is based on network space and not
planar. 500 foot search radius and a 100 foot cell size were used. Data Source: FARS
Encyclopedia (2001-2009).
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The largest hot spot found was a cluster of 8 fatal crashes in a half mile stretch of
US-31W, 5 of which were within a 500 foot section (top left, Figure 5.34). Another
significant hot spot is at the intersection of SR-1865 and SR-907 where 3 fatal crashes
occurred (top right, Figure 5.34). There were then 5 more to the south on a 1.4 mile
stretch of SR-1865, where 3 of which occurred along a single curve. Both of these areas
contain strip mall shopping centers, as well as grocery stores, big box stores and possible
areas of work. All of these could contribute the large number of fatal crashes occurring
in both locations. Another significant hot spot that was found was located along KY-61
(bottom left Figure 5.34). This area contains two clusters of three crashes at intersections
close together. There are a large amount of restaurants and bars throughout this area as
well and could contribute to the hot spots that were found. Also there is poor visibility at
the intersections because of the awkward convergences to KY-61 from other roadways.
The last significant hot spot that was found was on the bridge going across the Ohio
River on US-31 (bottom right Figure 5.34). This area contains 4 fatal crashes, which is
the point in US-31 where the traffic from three different roadways converges to make the
unified US-31, as well as the area where drivers would be trying to exit the highway.
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Figure 5.34 Close ups of Density of Fatal Crashes in Jefferson County Estimated by
Network KDE. Note: Top left: a stretch of US-31W in western Jefferson County; top
right: the intersection of KY-1865 and KY-907; bottom left: a portion of KY-61; and
bottom right: the bridge of US-31 crossing over the Ohio River to Indiana. Areas
profiled outlined in red in Figure 5.32. Data Source: FARS Encyclopedia (2001-2009).
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In summary, areas along U.S. and State highways with attractions such as strip
malls or restaurants tend to be associated with more fatal crashes, as well as in the areas
that have converging roadways. The hot spots found in Jefferson County were not
located along the Interstate highways but located mainly along U.S. and state routes.
5.5.2. Warren County
Several hot spots of fatal crashes were identified by the Network KDE in Warren
County. Compared with those in Jefferson County, there were not as many hot spots of
fatal crashes and the ones identified and were not as large (Figure 5.35).
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Figure 5.35 Density of Fatal Crashes in Warren County Estimated by Network KDE.
Data Source: FARS Encyclopedia (2001-2009).
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There is a hot spot located just outside of Bowling Green to the east on I-65.
There is a cluster of 3 fatal crashes in which their locations are essentially on top of each
other (top left, Figure 5.36). This is where there is an overpass above the interstate,
which could possibly be distracting to drivers or reduce visibility as well as a slight
curve. There is no particular reason found that would cause 3 separate fatal crashes to be
located so close together during the study period. The next hot spot is located along US231 (top right Figure 5.36). There are two fatal crashes in a close proximity along this
stretch of US-231. This is an area with restaurants and shopping centers. There is also a
church at the intersection where both of these occurred. Another factor that could be
attributed to contributing to the crashes could be that when a driver is turning left at this
intersection there is no stop light and would require drivers to cross the other lanes
unprotected. The next hot spot that was found contained two crashes at an intersection
(bottom left, Figure 5.36). This is an intersection that has a stop sign requiring drivers to
make the decision on their own, as well as when turning left out of the intersection there
is a median and turn lane that would be used for other cars turning into the gas station.
The last hot spot identified is along I-65 south of Bowling Green (bottom right Figure
5.36). There were two fatal crashes located within 200 feet of each other. This is in the
area in which I-65 switches from three lanes back to two. This could prove to be very
dangerous to drivers with merging traffic.

103

Figure 5.36 Close ups of Density of Fatal Crashes in Warren County Estimated by
Network KDE. Note: Top left: a portion of I-65 in eastern Warren County of three fatal
crashes in a 200 foot area; Top right: a stretch of 231 in which two fatal crashes occurred
at the same intersection; Bottom left: portion of US-68 with two fatal crashes occurring;
Bottom right: I-65 in southern Warren in which two fatal crashes occurred in the same
location. Areas profiled outlined in red in Figure 5.35. Data Source: FARS Encyclopedia
(2001-2009).
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In summary, unlike in Jefferson County where most noticeable hot spots are
observed along U.S. State Highways, most hot spots are found along the interstate
highways in Warren County. The downtown area of Bowling Green was not an area of
any significant hot spots based on the network KDE as was areas of downtown
Louisville. This is most likely the case because the population of Bowling Green is
significantly less than that of Louisville. Some hot spots are found in both counties at the
intersections where there are not stop lights regulated and drivers are required to use their
own judgment on when to make the turn or enter traffic.
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CHAPTER 6 CONCLUSIONS AND FUTURE RESEARCH
6.1. Conclusions
The objective of this research was to analyze spatial patterns of fatal automobile
crashes in Kentucky based on temporal and demographic factors for the years of 2001 to
2009. Three different methods, rate calculation and statistical analysis; planar kernel
density estimation; and network kernel density estimation, were used to bridge spatial
and non-spatial factors on a statewide level as well as to identify hotspots in network
space at a county level. Non-spatial factors such as temporal factors, such as the time of
day, days of the week, and season in which each fatal crash occurred, and demographic
factors, including the ages of the drivers involved in a fatal crash and whether alcohol
was involved, were considered.
The results from each of the three methodological approaches revealed similar
overall patterns of fatal crashes. When considering the data at the state level, fatal
crashes generally occurred in highly populated areas. Analysis on a smaller scale
revealed that areas or roads exhibiting fatal crash hotspots involved one or more of the
following factors: areas with high traffic flow, curving roads, converging roads with
intersections, roads with high speed limits, areas of high concentration of activities that
often attracted large volume of traffic such as restaurants, bars, strip malls, or malls.
The findings using rate calculation and statistical analysis revealed that curving
roads with a high designated speed limit (55mph or 70mph) typically were identified as
hot spots. Findings from the planar kernel density estimation indicated that highly
populated areas, such as Louisville and Lexington, were consistently identified as hot
spots. This seems reasonable considering that high-density urban areas are more likely to
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experience large traffic volume when compared with rural areas. The case studies of
Louisville and Bowling Green analyzed using network kernel density estimation was
more appropriate when looking for patterns at a local geographic scale. Both case studies
suggested that hotspots of fatal crashes tended to be located where drivers on smaller
roads were required to turn into the path of traffic that does not stop as well as where
drivers had to merge on roads that converged at multiple intersections.
Though similar findings generally were observed when considering both temporal
and demographic characteristics, some distinct patterns of activity could be identified.
When time of day was considered, most fatal crashes occurred between 2pm and 6pm, a
time period that produced the most hot spots in Kentucky’s urban areas. Further, most
fatal crashes overall occurred on Saturday. In urban areas, hotspots were observed on
Monday, Tuesday, and Wednesday in high activity areas such as shopping centers and
strip malls, yet hotspots in similar high activity area that were outside of urban locations
were found on Thursdays.
When considering seasonal factors, most fatal crashes generally occurred in the
summer months at the state level. However, fatal crashes were relatively low in the
summer months in the Lexington and Bowling Green areas, a finding that might be
attributed to fewer university students present in the summer. In addition, in the winter
months, hot spots were found in areas that typically did not show many crashes in the
other seasons.
With regard to the analysis of demographic factors, the data yielded differences
across age groups. For example, the 16 to 25 year age group had substantially more
drivers involved in fatal crashes and this age group was involved in more hotspots than
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any other group, particularly in urban areas such as Louisville, Lexington, and northern
Kentucky, located just south of Cincinnati. Interestingly, the hot spots for older age
groups were located mainly along road ways. When considering the impacts of alcohol
involvement in fatal crashes, most hot spots tended to be located in two main areas; 1) the
areas of high population concentration, such as Louisville and Lexington, and 2) where
there are a high number of alcohol outlets such as restaurants or bars as well as other
areas of gathering at later hours.
The findings of this study will prove to be useful when making decisions
regarding transportation planning. For example, law enforcement officials could use this
research to determine areas across the state that are dangerous for drivers and that are in
need of more frequent patrolling and speed monitoring. In addition, policy makers might
implement safety measures in the actual roadways such as a reduction in speed limits in
certain stretches of highway or interstate having extreme curves or low visibility.. At the
dangerous intersections identified by this research, Stop lights or warning signs could be
added to warn drivers that they are approaching a dangerous area. Specific areas of focus
might be the hotspots that were detected using network Kernel Density Estimation that
were located along U.S. and state highways and which had entrances and exits to
destinations (strip malls, gas stations etc.) as well as other, smaller roads, which required
the driver to make decisions regarding when to enter traffic from a stop sign instead of
from a stop light. These areas might be examined to determine whether any measures
could be taken create a safer roadway. For example, putting up stop lights might prevent
the drivers from making bad decisions when turning into traffic from an exit. .
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6.2. Future Research
There were a number of aspects of fatal crashes that were not addressed or could
not be addressed in this thesis research due to time constraints, lack of resources, and also
lack of computing power. Firstly, because of the time constraints, this thesis research
only focused on a more general view of fatal crashes and only a few selected non-spatial
factors of fatal crashes for the entire State of Kentucky. With more time, additional nonspatial factors could have been examined, such as weather conditions, roadway
conditions, etc. In addition, it was not possible to ground- truth the data or personally
examine the roadways. It would have been beneficial to identify what environmental
factors, such as topography and roadway configuration, might have led to a particular
roadway being identified as dangerous.
Similar methodology could be adopted to conduct a new study on a different
jurisdiction. This could include the application of similar planar KDE techniques to a
different state to attempt to identify the hot spots of fatal automobile crashes. Findings in
the other study areas could be useful for decision makers and researchers alike in other
states to identify dangerous areas and dangerous roadways, thus saving money and, most
importantly, lives.
Other future research could include using methodology similar to that used in this
research with a dataset that included all automobile crashes instead of just fatal
automobile crashes. This, however, would require larger processing and computing
power than what is currently available. The findings in the analysis of all crashes would
be useful in identifying hot spots of automobile crashes in general. In particular, the
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network Kernel Density Estimation would be very useful to locate spatial patterns of
traffic crashes at more localized level.
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